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INTERACTION OF 4-SUBSTITUTED 5CARBETHOXY-6-CHLOROMETHYLPYRIMIDIN-2-ONES
WITH HYDRAZINES AND HYDRAZIDE DERIVATIVES: SYNTHESIS AND STRUCTURE *

Reaction of 5-carbethoxy-6-chloromethyl-3,4-dihydropyrimidin-2(1H)-ones with N,N’-binucleophiles has been stu-
died on hydrazine hydrate, monosubstituted hydrazines and carboxylic acid hydrazides. It has been determined
that the reaction takes place as nucleophilic substitution of halogen on N,N’-binucleophile followed by the prima-
ry pyrimidine heterocyclisation into the pyrrolo[4,3-d]pyrimidine and pyridazino[4,5-d]pyrimidine derivatives.

INTRODUCTION. 3,4-Dihydropyrimidin-2(1H)-
ones (DHPMg) obtained via Bigindli reaction are tho-
roughly studied these days due to the wide spectrum
of ther biological activity. In particular, DHPM s pos-
sess high efficiency againgt cardiovascular disorders
[1], cancer affected cells [2]. Biginelli compounds be-
long to the azaanalogs of the Hantzsch 1,4-dihydro-
pyridine calcium channd modulators of Nifedipine,
Nacardipine, Amlodipine type [3]. The drategy of Bigi-
ndli reaction is applied to obtain synthetic analogs of
Batzelladines A-D — potent HIV inhibitors [4].
However, being also of a practical interest, ring-con-
densed DHPM derivatives have been much less stu-
died which explains with only a few works devoted to
thissubject [5, 6].

The most convenient synthetic approach towards
condensed DHPMs is a cyclocondensation of 5-al-
koxycarbonyl-6-halomethyl DHPM s with the variety
of N-, O- , Shucleophilic reagents which allows for-
ming partially hydrogenated condensed azolopyrimi-
dine sysems. Thus, the library of subgtituted tetra-
hydropyrrolo[4,3-d]pyrimidine-2,5-diones has been
synthesized in such a way. The study of their biolo-
gical activity has shown that such compounds are the
perspective objects of pharmaceutical and agricultu-
ral screening [7]. In this paper the research has been
extended employing such N,N’-binucleophilic rea-
gents as hydrazine, hydrazide and their monoalkyl
(aryl, acyl) substituted analogs employed in the he-
terocyclization process of initial DHPM s.

The first question on the heterocydisation con-
sdeed at this work concerns its regiosdectivity. Pre-
vious data [5, 6] revealed that on the first stage of the
heterocydlization process, nucleophilic attack on the

halomethyl moiety takes place leading to the for-
mation of corresponding 6-aminomethyl DHPMs
(compound 2, scheme 1):

Scheme 1.

Such heterylamines bearing alkoxycarbonyl gro-
up at ortho-position are rather unstable, thus, they
easily undergo the second stage of heterocyclization
forming a new annelated azine ring (compound 3,
scheme1).
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It should be noted that the regiosdectivity of
condensed bicyclic fiveemembered DHPM s forma-
tion is wdl-defined for the sysems where the new he-
terocycle obtaining employs mononucleophilic rea-
gents [5—7]. As nucleophilic compounds with a few
reactive centers are employed in the reaction it isra-
ther complicated to envisage the regiosdectivity of the
process, thus additional research on the sructure of the
final compounds is required. Previous data [5, 6] re-
port on highly regiosdective heterocyclization of
6-halomethyl 5-carbethoxyDHPMs into 4,6,7,8-
tetrahydropyrimido[4,5-d]pyridazine-2,5(1H,3H)-
diones (compound 3, scheme 1) upon their treatment
with hydrazine and its monosubstituted analogs. At
this work the reaction mixtures under different re-
action conditions were studied to follow the final
products formation. LC/M Sdata for the condensation
of compound 1a with an excess of hydrazine hydrate
has revealed the formation of all three products (com-
pounds 3a, 4a, 5, schemel) at different amount depen-
ding on the reaction conditions. Condensation of com-
pound la with hydrazine hydrate at MeOH for 8 h re-
vedled 70% of mixture compounds 3a and 4a. The
analogous condensation in 1,4-dioxane revealed 15 %
of compounds 3a, 4a isomers mixture and 43 % of
compound 5. Dihydropyrimido[4,5-d]pyridazine-2,5
(1H,3H)-dione (5) was also formed at the amount of
40 % as compound 3a was refluxed in acetic acid for 8 h.
The gructure of molecule 5 (figl. 1) was determined with
X-ray diffraction experiments, 'H NMR, IR, demental
analyss data (see expearimental part for details). We
suggest that the formation of HC=N bond is explai-
ned by the mobility of the 6-C methylene group pro-
tonswhich has been previoudy studied [8].

The heterocyclization process of compounds la—
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d with hydrazines or carboxylic acid hydrazides (EtOH
or 2-PrOH, reflux, 6-8 h) using TEA (triethylamine)
as catalyst leads to the formation of the mixture of
pyrimido[4,5-d]pyridazine-2,5-diones (3) (scheme?2)
and products of monosubstitution — 6-aminoalkyl
DHPMs (7) (scheme 2) (up to 50 %). It should be no-
ted that multiple tries to put the compound 7 into the
further heterocyclization to obtain bicyclic DHPMs
of 4 or 8 type (scheme 2) failed. M oreover, the at-
tempts aimed at the cyclisation of symmetrically sub-
stituted hydrazides and hydrazines with DHPM s we-
re not successful either. Thereaction did not take pla-
ce even under harsh conditions (DM F, reflux, 8 h, or
sealed tube, 100—120 °C).

Fig. 1. Perspective view and labding scheme
for the molecule 5.

Scheme 2.
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The structure of compound 3h was confirmed
with 1H NMR, %C NMR, COSY, NOESY and HET-
COR data. Having used thwe methods we fuIIy cor-
related chemical shlfts of H NMR and °C NMR
spectra. Hence, in H NMR spectrum the chemical
shift of CONH group proton is d 10.01 ppm. It is

Fig. 2. Fragment of compound 3h 2D long-range
HETCOR experiment.

possible only when the compound has the structu-
re type of compound 3. In other cases (compounds 4,
8) the s9gnal of NH protons should be expected in a
gronger field. Analogous shift of CONH group pro-
ton was determined in all compounds 3 of the pre-
sented library. Additionally, 2D long-range HET-
COR experiment (fig. 2) did not reveal spin-spin in-
teraction of carbon C5 with protons H8 which may
take place in case of the Sx-membered pyridazine ring
(3) rather than the five-membered one (4). The car-
bon spectrum was taken with the interrupted-proton
decoupling (splitted spectrum from NOE) together
with carbon spectra with selective decoupling of H8
protons to determine distant heteronuclear proton-
carbon coupling constants. The absence of carbonyl
C5 decoupling on the protons of methylene group
H8 was determined.

It should be mentioned that in some cases the
signal of chiral 4-CH of DHPMs (1la—d) and ther
derivatives 3, 7 is presented with a broadened pseu-
do-singlet whereas splitted on 3-NH doublet is ex-

pected to take place (tabl. 1-3). The signals of IR
spectra for C=0, and N-H groups of compounds
la—d and 3, 5, 7 are broadened in most cases due to
theintramolecular bonds of C=OEN-H (tabl. 1-3).
A library of 7-substituted tetrahydropyrimi-
do[4,5-d]pyridazine-2,5-diones (3b—s) was synthesized
by interaction of halomethyl DHPM s (1a—d) with a
series of N,N’-nucleophiles. It was revealed that with
the change of reaction conditions (e.g. solvent sys-
tem, reaction time) the ratio of the final products
changes dramatically. Thus, as nucleophiles with a
few reaction centres employed in thereaction process
it issuggested to study the reaction conditions as well
as reaction mixtures in more detail. The structure of
the obtained compounds has been unambiguoudy
determined Wlth the dngle crystal X-ray diffraction
analysis NMR (*H, 13C, COSY, NOESY, HETCOR),
LC/M S, demental analysis and IR spectroscopy.
EXPERIMENTAL PART. All chemicalswere obtai-
ned from commercial sources and used without fur-
ther purification. M dting points (mp) were measured
on an dectrothermal capillary melting point appara-
tus and are uncorrected. IR spectra were recorded
with a UR-20 spectrophotometer (K Br platelets). H
NMR spectra (400 MHZ) were recordered on a Va-
rian GEMINI 2000 spectrometer usmg DMSO dg as
solvent and TM Sasinternal standard. *H-'H COSY
spectra were acquired into 2048 (F2) and 512 (F1)
time-domain data matrix and 2048 (F2)x2048 (F1)
frequency-domain matrix after zero-filling. NOESY
spectra were acquired with parameters smilar to
COSY gpectra. Mixing times were determined preimi-
nary from T ;-measurement experiment for each sam-
ple by conventional inversion-recovery method. He-
teronuclear chemical shlft corrdatlon (HETCOR)
was used for determine 'H-'°C attachment with the
2048 (F2)x256 (F1) time-domain matrix and 2048
(F2)x1024 (F1) frequency-domain matrix after zero-
filling. The average value of one bond constant Jcy
was set to 140 Hz. HETCOR for determination long
range correlation had very smilar parameters and
average value of mulitibond C—H coupling constant
was set to 8 Hz. HPLC-M S was carried out on a sys-
tem consiging of an Agilent 1100 Series high-pressu-
re liquid chromatograph equipped with a diode mat-
rix and Agilent LC/M SD S mass-selective detector.
HPLC-M S parameters: column: Zorbax SB-C18, 1.8
mm, 4.6x30 mm; solvents. M eCN-H,0 (95:5), 0.1%
TFA: duent flow: 3 mL>s™; injected sample volume:
1nm; UV detector: | = 215 254, 265 nm; ionization
method: chemical ionization under atmospheric pres-
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sure (APCI); ionization mode; simultaneous can-
ning of positive and negative ions in m/z range 100
—650. Elemental analysis was performed on Perkin—
Elmer C,H,N Analyzer. All crystallographic measure-
ments were performed at room temperature on a Bru-
ker Smart Apex Il diffractometer operating in the
wand j scans mode. Full crystallographic details ha-
ve been deposted at Cambridge Crystallographic
Data Centre (CCDC). Any request to the CCDC for
these materials should quote the full literature cita-
tion and reference number CCD C757737.

Ethyl 4-aryl-6-(chloromethyl) -2-ox0-1,2,3,4-tet-
rahydropyrimidine-5-carboxylates (1a—d) have been
synthesized following the described methods [6, 9).

Full physical-chemical data on the compounds
la—d presented at thetabl. 1.

General procedure for the synthess of 7-sub-
stituted 2-methyl-4-aryl-4,6,7,8-tetrahydropyrimido-
[ 4,5-d] pyridazine-2,5( 1H,3H) diones (3a—) and ethyl
4-aryl-6-{[ 2-(substituted) hydrazino( acylhydrazino)] -
methyl} -3,4-dihydropyrimidin-2( 1H) -one-5-carboxy-
lates (7a—h). To suspension of 0.005 mole of 6-
chloromethyIDHPM (1a—d) in 5—10 mL of EtOH
or 2-PrOH, corresponding hydrazine(hydrazide)
(0.0075 mole) and TEA (0.5mL, 0.005mole) were
added and the mixture was refluxed for 8h. If
starting hydrazines or hydrazides were not soluble
enough, DMF was added dropwise until the com-
pounds dissolved. The precipitate usually was for-
med during reflux, in 24 h after cooling the reaction
mixture or after the reaction mixture was poured on-
to crushed ice (depending on the nature of hydrazine,
hydrazine or chloromethylDHPM s 1a-d). Final pro-
ducts 7a—h easly dissolve in methanol while com-
pounds 3b-s dissolve in the mixture 2-PrOH : DM F
1:1. Thusthereaction mixtures, containing high ratio
of both products were washed with warm M eOH
separating products of 7 type leaving products of 3
type for further crystallization. Depending on the
physical characteristics, compounds 3b—s were puri-
fied with recrystallization either from 2-PrOH : DMF
(4:1) or MeOH. It isworth mentioning that the crys-
tallisation of the reaction mixture led to obtaining
the product that forms the major amount of the
reaction mixture.

Full physical-chemical data on the compounds
3b—s and 7a—h are given in the tabl. 2 and 3 cor-
respondingly.

Synthesis of 4-( 3-nitrophenyl) -4,6-dihydropyrimi-
do[ 4,5-d] pyridazine-2,5( 1H,3H) -dione (5). 0.05 mo-
le of compound 3a was heated under reflux in 5 mL
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AcOH for 6 h and then allowed to stand at ambient
temperature for 48 h. Ydlow crygalline precipitate
formed was filtered off, washed with 10 mL of EtOH
to give pure compound 5.

Crydtal data: C13H131N50,4, M 301.27, triclinic,
space group P-1, a=7. 9891(9) b= 82345(9), c=
10.5430(12) A, a = 102.894(5)°, b = 109.131(5)°, g
= 91.500(4)°, V = 635,031 A, Z = 2, d,= 1576
gem™, m= 0.121 mm™2, F(000) = 312, crystal size ca
0.22x0. 30x0 46 mm. Theintendties of 6193 reflections
were collected (2243 unique reflections, R,merg
0.0296) within the range of 2.11 £ q £ 26.42° using
MoK -radiation (I = 0.71078 R). The multiscan ab-
sorption correction (the ratio of minimum to maxi-
mum apparent transmission is0.799250) was applied.
The structure was solved by direct methods and re-
fined by the full-matrix least-squares technique in the
anisotropic approximation for non hydrogen atoms
using the SHEL XS97 and SHEL XL 97 programs [4,
5]. All hydrogene atoms were located from difference
Fourier sinthesys and refined isotropically. In the
refinement 2243 reflections (1637 reflections with | £
2s(1)) were used. Convergence was obtained at R1 =
0.0677 and wR2 = 0.1096, for all reflection and R1 =
0.0436 and wR2 = 0.0974, GOF = 1.019 for observed
(243 parameters; observed/variable ratio 6.74; the
largest and mlnlmal peaksin thefinal difference map
O 19 and —027 gA3, welghtlng scheme is as follows:

s AFo?d) + (0. 0475P) + 0.2689P], where P =
= (Fo + 2Fc)/3).

Yidd 83%, mp 253°C. IR (KBr): 1330, 1530
gNOZ); 1620 (C=C); 1670 (C=0); 2300-3280 (NH).
H NMR (400 MHz, DM SO-dg): 13.02 [s, 1 H, CO-
NH] 8.18[m, 3H, Ar], 8.05[s, 1H, CH=N], 7.79 [d,
J(H H) = 8.0Hz 1H, Ar], 7.66 [m, 1 H, Ar], 556 [d,
J(H H)=26Hz 1H, CHNH], 327[s 3H, NCH3.

Anal. Caad. For C13H11N504 C 51.83; N 23.25.
Found: C 51.82; N 23.24.

PE3IOME. HccnenoBaHa peakius B3aWMOJCHCTBUS
5-xap63Tokcu-6-xm0pmMeTmi-3,4- TUTUIPOTUPUMU AN H-2-
(1H)-onoB ¢ N,N’-gunHykieopuiaMi Ha mpUMepax rHapa-
3WHTUApPATa, MOHO3aMENICHHBIX THIPa3WHOB U THAPA3UIOB
KapOOHOBBIX KHCIIOT. YCTaHOBIEHO, YTO PeaKIHs IpoTe-
KaeT kak HykieodmipHOe 3aMemienue ramoreda N,N’-1uHyk-
neouIoM ¢ mocieayromei reTeponnKIn3aue HCX0HOTO
MUPHUMHUAMHA B IPOM3BOAHBIE Upposo[4,3-dlnupumuanna
u nupuaasuno(4,5-dlnupumuanna.

PE3IOME. JlocnmimkeHo peakiliro B3aeMoii S-kapoer-
okcu-6-xnopomerui-3,4-guriaponipuminuna-2(1H)-ouis 3 N,
N’-muHyKneoditaMu Ha MpUKIagaxX TiApa3uHTIAPATY, MOHO-
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3aMillleHNX TifApaswHy i TifApa3uaiB KapOOHOBUX KHCIOT.
BcraHOBNEHO, IO peakilis MPOXOIUTH SK HyKJeo(ilbHE
3amimenHs ranxoreny N,N’-aunykneodizoM 3 HacTymHOIO Te-
TEPOIUKIII3aNmic€l0 BUXITHOTO MIPpUMIAMHY B TOXIigHI Mipo-
no[4,3-dluipuminnny Ta nipuaaszuHo[4,5-djnipuminuny.
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B.B. KpaBuenko, A.®. Jlymiok, A.A. Korenko

BJASSHUE CTPYKTYPbI UETBEPTUYHBIX TPUAJIKUJIBUHUJIAMMOHUEBBIX COJIEN
HA CKOPOCTH MX PEAKIIMM C TPUITUJIAMHUH-N-OKCHJIOM B AIIETOHUTPUJIE

W3yuena xkmHeTHKa peakiuii TpudTIIaMuH-N-OKCHIa C PSAOM BHHHIAMMOHHUEBBIX COJIei Z—CH:CRN+(CH 3)zHal™
B aneronutpuie npu 25—55 °C. IIpoBeeHa KOJIHYECTBEHHAS OLEHKA BIHAHHS CTPYKTYPbl aKTHBUPYIOIIEH TPYIIIbI
Z W MeTHJIBHOTO 3aMecTHTens R B a-TOJOXKEHWHM K YXOAANIeH Tpynme Ha CKOPOCTh NMPOTEKAHHS HCCIETyeMbIX
npoiieccoB. Ha ocHOBaHMHM MOJYYEHHBIX JAHHBIX CIENaH BBIBOJ O pealin3aIliid MEXaHHW3Ma INPUCOCIMHEHUS-DIIUMU-
HUPOBAHUSA B OOMEHHBIX IIPOIlECCaX C yJacTHEM TPHAJIKIJIBHHIJIAMMOHHEBBIX COJIEH.

HccnenoBaHne KUHETHKHM U MEXaHU3Ma peakIni
HECHMMETPUYHOTO (parMeHTapHOTO OOMEeHa B BHUHH-
JIOHUEBBIX COJISAX IPEICTaBIseT 3HAYMTENbHBIH WH-
Tepec, HOCKOIbKY Ha UX OCHOBE MOTYT OBITh peaju-
30BaHbl 3P (PEKTUBHBIE KATATUTHYECKUE CHCTEMBI IS
npotieccoB SyVin-3amemrenus [1].

B nacrosmel pabore ObLla HOCTaBIeHA 3agada
KOJMYECTBEHHO OIICHUTH BIIUSHHE CTPYKTYPBI aKTH-
BUPYIOILEH IPYNITbI ¥ METWIILHOW TPYIIEI B &-10JI0-
KEHUH K yXOZsIel Tpynie B cyOcTpaTe Ha CKOPOCTh
peakuuu pparMeHTapHOro 0OMeHa B BUHMIJIOHHEBBIX
cojsix. C 3TOH Lenblo B JaHHOU paboTe Oblna u3yde-
Ha KMHETHKa peakiuil psija BUHWIAMMOHHEBBIX CO-
neii. ZCH=CRN"(CH3)3X™ ¢ tpuyrnnamun-N-ok-
cuzoM B aneronutpuie npu 25—55 °C:
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ITonmy4deHHBIE KOHCTAHTBI CKOPOCTU BTOPOrO TIO-
psizka (MepBOTO MO KaKAOMY M3 PEAareHTOB) MpHUBe-
JeHbl B Tabnuue. Ha ocHOBaHUM 3TUX JAHHBIX pa3-
JIMYHBIE aKTUBUPYIOUIME IPYNNUPOBKYU Z 1O UHTEH-
CHUBHOCTH HX BO3JCHCTBUS HA MOJBUXHOCTH YXOJs-
mieif TpPUMETUIIAMMOHHUEBOM T'PYIIBI MOXKHO PAacIo-
JIO’KUTH B CIETYIOUUH P
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